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EXECUTIVE SUMMARY 


For the first time we can demonstrate in a well-controlled study a 
reduction of diarrhea associated with the improvement of water supply in a 
rural community. Diarrhea declined substantially when an improved source 
of water was piped to the patios of most homes in a Guatemalan village. 
All age groups except infants less than a year and adults over 45 showed 
statistically significant differences in rates when compared to a control 
community. Children between one and seven years old, who accounted for 
more than half the cases of diarrhea in the village, were the major 
beneficiaries. 


Percentage Decrease in Diarrhea One to Seven Age Group 


Successive 

Six Month : 
Periods: (1l)Rainy (2)Dry (3)Rainy (4)Dry (5)Rainy (6)Dry (7)Rainy 
Percentage +4 -32 -16 -48 -22 -41 -24 
Difference 


Water alone was sufficient to reduce the diarrhea. Education in sanitary 
practices and a program to build latrines were successful in changing at- 
a, titudes and behavior, but had little, if any, association with diarrhea 
_? rates. , 


y= Water Quality 


a The ee seems to indicate that #e: was water aes 2 that was ge s 
r onsible for the improved health of the community rather than water qua ae 
is based on the following data. The amount of pescet sed at 
ee was nearly three times greater in the igacrcaget cor mur 
ered jee eer Rr guvege fae: ’ : a 
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The study met all the criteria that were considered necessary to determine 
the effect of water on health by a World Bank expert panel. For 40 
months, from May 1973 to August 1976, each household in both communities 
was surveyed. Data on health, nutrition, environmental sanitation and 


water use were gathered. 


Previous Findings 


A previous analysis of 
diarrhea associated with the new water supply. 
previous findings and these conclusions results from the methods used in 
the data analyses. We have compared rates of diarrhea in groups from each k 
community. The groups were segregated by age, sex, season, and family : 
size. A comparison between the same group in the experimental community : 
and the group in the control community, indicated that in all cases the . 
differences in rates of diarrhea were statistically significant. an 


the data did not find any significant reduction in 
The difference between the 


(The previously published analyses used a re | ae 
| gression equation containing 

63 variables to determine the association of water, family size ‘time, pha i 

vironmental conditions and other variables with diarrhea. Using such. a : 
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Abstract 


Improved access to a chlorinated water supply from a pro- 
tected spring in an experimental community was accompanied by a 
significant reduction in the incidence of diarrhea among vil- 
lagers of all age groups with the exception of those less than 
one and over forty-five years old when compared to the same age 
S8roup in a control village. Those most affected were the age 
group from one to seven who accounted for more than half the 
cases in both the experimental and control community. The 
decrease in diarrhea was related to the amount of water used and 
to the seasonal variation in rainfall. The study conducted for 
42 months had previously reported no significant reduction in 
diarrhea for any age group in the experimental community. 


BACKGROUND 


A recent study on the health effects of improved water sup- 
ply, health education and improvements in excreta disposal was 
conducted by the University of North Carolina at Chapel Hill and 
the Institute of Nutrition of Central America and Panama. The 
study, the Food Wastage/Sanitation Cost-Benefit Methodology Pro- 
ject, was carried out in two villages in the rural lowlands of 
Guatemala. The purpose was to determine the impact of a number 
of improvements on the health of the villagers. These improve- 
ments were a filtered chlorinated source of water to the patios 
of most houses, a health education campaign designed to alter 
geen tr practices and a community development effort to en- 
purrs building of latrines. ne. results asa sts beuary AID 
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diarrhea in the 
amined the impact 
most frequently 
1948; Hollister et 
al., 1958; Moore 


plies have any impact on 
community served. A number of studies have ex 
of water supplies on diarrhea. Some of those 
cited are Watt et al., 1953; Hardy and Watt, 


; ; 976; Schliessmann et 
Sida, ta Fab te 918. There 48 S°0Ss evidence, 


et al. 1966; Feacham et al., 
which M Pacent study considers well documented, ee rede ee 
disease requires connections within the house (Wals 9 


1979). 


ence that improved sup 


In examining the body of evidence available up to 1976, a 
expert panel convened by the International Bank for Reconeheys 
tion and Development (IBRD) concluded that the past investiga 
tions were “faulty” in precision of measurement, in adequacy of — 
base data, and in accuracy of findings” (1976, p-6.)- Kawata 
(1978) also reviewed the past studies that had 
tionship of water on health status an z 
In a similar review White, Bradley and White concluded “...there 
is little doubt that for precise conclusions of the health 
effects of water a planned experimental installation of water and 
eanitation is needed” (1972). The AID study in Guatemala was 
designed to provide the necessary precision. 


Study Design 


The principle of the study is simple: select two communi- 
ties that are similar. Provide one of them, the experimental 
community, with an improved source of water supply. The other 
community would serve as a control. Halfway through the study 
provide a health education component for the experimental com- 
munity. Any changes in the experimental community relative to 
the control community could then be ascribed either to water 
alone or water and the health program. 


The objective of using a control community was “to track 
internal and external changes in health status, behavior and the 
community environment which presumably would have occurred even 
in the absence of any large scale intercession. In addition to 
expected changes over time, the mere presence and activities of 
the study staff could have stimulated some of the changes". (Re- 
sults of the Field Studies, p.4.) Although the objectives of us~ 
ing the control community were clearly articulated in the study 
plan, they were not integrated into the data analysis as a method 
of controlling for changes in health status of the experimental 
community that might have occurred without the water project. 
Data from both the experimental and control community were an- 


alyzed independently and the results com 2 
clusion of the study. pared at tue as 


Community Selection 


Communities selected were com 
parable in size and in age a 
sex distribution (Table 1). Guanagazapa, the axgerineseaa cae 


Table ] 


Village Population Experimental and Control Community 
At Beginning and End of Project 
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Bacteriological Water Quality Experimental 
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(Laboratory Analyses) = 
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Table 3 


Months of Data Collection and Designation of Seasons 


Year 


1973-1974 1974-1975 1975-1976 1976 


Season No. Season No. Season No. Season No. 
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trol community, are both 
pe RT nad ag nea ES se pats of Guatemala. Rainfall 


ated in the Pacific Coastal Low 
eet e: communities averages 2000 millimeters annually 
predominantly in the period from May to October. pepe e dee pe 
temperature is 20 C. Soil conditions and housing are ee 
both communities. Data on digestive disease for ee : ae 
1967-1971 are approximately 1/ reported cases per 1 nha 3 
tants for each community. Each is relatively isolates from the 
other although both were. approximately one hour's drive from the 
headquarters of the Institute of Nutrition of Central America and 


Panama (INCAP). 


ifferences in the two communities that might . 
The most important was the absence of 
who sometimes left to do farm 


There were d 
have affected the results. 
men in the experimental community, 
work for extended periods. 


Water Supply | : ae a 


The experimental community had an existing piped water sys- 
tem serving 13 families. This was retained and a new system was 
provided to serve 106 homes during -the first period of data col- 
ee lection. By the end of the project, 65 percent of the experi- 
ss mental community had piped chlorinated water metered to indi- 
ser vidual patios while an additional 5 percent received piped). 28 | 
unchlorinated water from the system existing prior to the pro- 
ject. There was some sharing of meters. aia at = 

ry | uae ie Sao 


-——s«sThe control community received water from shallow wells 
om the river. Over 70 percent used their own or a neigh 
well while 9 percent used the river. The source for the r 
_ the community was not determined. : ee ies 
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The program started in April 1975, the last month of the 
fourth period of the study. The effects of the program, if any, 
would therefore be found in the subsequent three periods, between 
April, 1975, and September, 1976, 


The objective of the male group, the Community Betterment 
Committee, was in general to encourage projects of benefit to the 
community. They did this in meetings with villagers to emphasize 
good sanitary practices. The Committee undertook a number of 
projects that included construction of latrines. Twenty of the 


group also completed a two-month training program and became 
health promoters. 


The women were encouraged to participate in a number of ex- 
tension classes that taught specific skills such as cooking or 
sewing, but also emphasized good personal and home sanitation. 
Practicing midwives were given formal training which included 
sanitation practices. At the conclusion of the training the 
status of the midwives was increased by providing them with pro- 


fessional registration and furnishing them with kits containing 
instruments, medicines and supplies. 


School teachers participated in a three day workshop to plan 
a program for health education. The curriculum stressed basic 
hygiene, sanitary behavior and food and water hygiene. To en- 
courage adoption of the lessons of the health curriculum school 
toilets and sinks were repaired or replaced and liquid soap, toi- 


let paper, paper towels and cleaning supplies were provided. 
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practices were collected from a group 

selected at the beginning of the Paha Once select 
dinal sample, wa 

group, designated the longitu p as oer Adar Bee 


f 
period of the study. Sampling procedure 
water use was the same in both villages but changed at various 


times during the study from monthly to once in three months and 
finally once every other month. 


Data Analysis 


The study used a regression model to examine the health ef- 
fects of a number of variables on rates of diarrhea. There were 
63 variables in the control community. These included village, 
family size, month and sanitary conditions. An additional two 
variables were used in the experimental community, access to 
piped supply, and monthly water consumption. 


Data Reporting 


Morbidity data were reported by age groups, by sex and by 
village. The data collection extended from May, 1973, through 
August, 1976, a period of forty months and included four rainy 
and three dry periods. For convenience, the seasons are desig- 
nated by a number indicating order of the period and a letter: 

"R" for rainy and "D" for dry. Table 3 indicates the months and 
year for each of the seven data collection periods. 35. . 39998 905 
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Table 4 


Volume of Water Use Experimental and Control Community for Seven 
Successive Six Month Periods (Liters/capita daily) 


Period 2/ Experimental }/ Control £/ 
1R ; 40.0 : No data 
2 CO : 63.1 we: 
3R : 62.9 : wee. 
4D pats 80.5 : 30.4 : i 
a : 5R ee 70.1 ; 23.7 ; aa a Z 
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s and bathed at home in the ex~ 
o less than one-third who did 


Eighty percent washed clothe 
d at home in the control community 


perimental community compared t 
laundry and one-fifth who bathe 


(Table 5) . 


Attitudes and Knowledge 
The mem- 


des as well as behavior. 
le in both communities were inter- 


viewed six times after the health program began. Questions were 
asked about water quality, excreta disposal, health impact of au- 


imals and flies in the kitchen, knowledge about causes of diar- 
lationship between personal 


rhea in children and adults, the re 
hygiene and disease, germ theory, hand washing, and use of soap. 
The answers were used to form a health education scale. The ex- 
perimental community showed a significant improvement in 
knowledge over the period of the health program (Table 6). 


The study measured attitu 
bers of the longitudinal samp 


Latrine Construction 


At the start of the project nearly a third of the homes (66) 


reported having a latrine although some were used infrequently, 
if at all. During the last three data collection periods 79 new 


latrines were installed in the experimental community, 39 of 


these were constructed in 1975, the balance in 1976. During _— 
this period there was almost no construction in the control com- 
munity. is ie Se RS 
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Table 5 


Uses of Water at the Home by Season Experimental 
and Control Community 


Seasons 
Water Use ahh Nido OMeA, ORE Balik Tana WDch< Seithc D's. GRR A ‘WERT OM SRE! 
Rainy*: Dry :Rainy : Dry :Rainy : Dry : Rain 


Experimental Community 


Personal Hygiene - 100 #100 100 #100 100 97 
Food Preparation = 100 100 99 100 100 100 
- 100 100 99 100 99 97 


. Utensil Washing 


Laundry - 75 83 83 80 91 


Bathing ee 3 79 80 80 91 

| Control Community 
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Table 6 


Changes in Perception Scale 1975-1976 
Experimental and Control Communities 


; Periods 

1975 1976 i 

Communit 2 U7: oe 1 3 4 2 a 
Experimental > 186 : 232 : 239: 274 =: 263° 2 ee ae 
Control : 183 “> 217 :. 205: 214 : 219 2 219 : ; 


Prior to health education besa Dif 
- STanivican (P= 05) progr if ferences 
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the communities by age groups, by season, by sex, and by family 
size the diarrhea rates for the experimental community are sig- 
nificantly lower. 


Diarrhea and Age : 


The average rates of diarrhea reported over the study period 
were 50 cases per 1000 in the control community and 38 cases per 
1000 within the experimental community. Children between one and 
two years old had the highest reported rates in both communities. 
In the control community, the next highest rates were for those 
who were from two to seven years old. In the experimental com- 
munity, the two to seven group had the third highest rate. 

The lowest rates of diarrhea in both communities were among 
those 15 to 30 years old. For all age groups except infants and 
those 45 and older, the experimental community had lower reported 

rates. The differences between the rates of the two communities 
4 were statistically significant (Table 7). 

The rates of diarrhea in the experimental community were sub- | 
stantially lower for all age groups except those less than one or 
over forty-five. This is true for both absolute differences in 
rates or percentage differences between communities. Among the 
ade group from 7 to 15, the rate in the experimental community 

. as 40 percent less lati the rate for the same age group in the 
a community (Table 8). ul 
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Table 7 2/ 


Reported Cases of Diarrhea by Age prone 
Experimental and Control Community 
(2 week periods of each month) 


Experimental Control 


Cases of No Rate/ jCases , 
Diarrhea : Diarrhea: 1000 {Diarrhea :Diarrhea 


168 1249 
1111 
5936 
8323 
9031 


ats, - 15 - 


. Table 8 


Difference in Rates of Experimental and 
Control Community Diarrhea All Age Groups 


(Rates/1000) 
Age Rate Experimental * Rate Control* Difference in Rates ‘Percentage 
Group Community * Community *(Experimental-Control) [5 Change@a 
Pa bd $ : : 
70-2: 119 : 123 : er : ~3 
“a ; : g : 
2 207 2. 222 : : ai 
: 72 3 110: g? ag 
, 22 ; 37... 4 oo 
: 11 : 5 ee ; 
> : ; Z 
3 14 2 ai : : 
: : : : 
: 26 : 25 : : 


Table 9 


Reported Cases of Diarrhea in Children One to Seven 
Experimental and Control Communities 


a 
Control 
Cases of No Total 


Six Month Periods Rain 
Experimental 
Cases 0 No 


Period Diarrhea : : Diarrhea: Rate :Diarrhea: Diarrhea:Rate Observations _ : 


203 864 : 190 : 160 714 183°: 5 1am 
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Figure 1 
Reported Cases of Diarrhea Children 1 to 7 Years 


Two Week Periods of Each Month of Data Collection 
Seven Six Month Periods: Alternatively Rainy and Dry 


e (Cases per 1,000) 
% Reported Rates of Diarrhea 
| 200 
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Diarrhea and Season 


Rates of diarrhea were lower during the dry season ae the 
wet season in both experimental and control communities. The E 
difference between seasons was greater in the experimental com 
munity where there was a reduction of one-third compared to a re~ 
duction of one sixth in the control community- The comparison 
between communities showed a difference of 16 percent in the wet 
season and more than twice as mueh an the dty: secegers 


wn most conclusively for the 
iny season rate in the ex- 

an the control com- 

ess in the experimental 


The effect of season can be sho 
age group from one to sevens The ra 
perimental community is 15 percent less th 
munity. Dry season rates are 40 percent l 
community. 
dry season declined by 48 cases - 
tely the same absolute dif- ; 
The rainy season rates of the ; 


Diarrhea rates in the first 
per 1000 and maintained approxima 


ference throughout the project. 
experimental community were higher at the start of the project 


with each successive rainy season showing an increasing decline 
in both absolute rate and in percentage decline (Table 10). ae 
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Diarrhe ter Use 


‘Within the experimental community volume of water eens 
inversely related to the rate of diarrhea for the season. The 

. correlation coefficient between the rate of diarrhea for the 
_-—s entire community and the average water use per capita was very ©. om 
a Riad ¢e4-~ .97). This relationship was eee nae 
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Table 102/ 


Seasonal Difference in Rates of Diarrhea One to Seven Age Group 
Experimental Community Rate Minus Control Community Rate 


Difference in Rates 


Experimental Control Amount : Percentage a/ . 
Community Communi ty Rainy: Dry o hay 2 Ury 


Season : Season Season : Season 
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CONCLUSIONS 


Using the same set of data as the original investigators we 


have shown significant changes in rates of diarrhea ces wee 
munity where most of the population had access to a piP a ee 
chlorinated water supply. The original investigators repo d: 


One can conclude from these analyses that changes 

in sanitary quality of the ma agnitude observed in these 
villages did not produce striking changes in morbidity 
over the relatively short period of this study. Some 
very small trends or associations with sanitation may 


have been detected. For example increased water 
agazapa was associated with decreased 


consumption in Guanag Pp 
children aged 13- -24 


diarrhea and skin infections in 
months, but the trends or associations are SO small 


that it is pot possible to "separ te tiiees pe 31) 

the noise'. (Results of the Field Studies, p- 54%) 
We have used a Contingency Table method of data analyses and 

a Chi Square test of significance. This shows highly significant — 

and systematic differences between the two communities. The : é 

original study used a large multiple regression model with 63 © 

variables in the control community and 65 variables in the —— 

experimental community. The ReErereton methodology is deo Soo a 

in Appendix C. eee, here 

".* We believe that the contingency table analysis Teen vhs <a 
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FUTURE RESEARCH 


The results reported in this paper represent a reconstruction and 
re-analysis of the available data, that available in the various 
reports to USAID. A more extensive examination of the data is 
warranted, The study has met all the criteria recommended by an 
expert panel for measuring health benefits convened by the World 
Bank (IBRD, 1976). The data, therefore, should provide the 
necessary precision to provide a basis for design of rural water 


Systems to ensure that they provide the best balance between sys- 
tem cost and users' benefits. 


The more extensive analysis should provide answers to 
specific questions on chlorination, latrines, health education, 
and nutrition and how these variables are inter-related. A final 
analysis would consist of the construction of multi-way con- 
tingency tables that will show health status as a function of 
mutritional status, the availability and quality of water, per- 
sonal and community environmental factors, socio-economic 2 


ss factors, family size and season. 
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APPENDIX A 


CALCULATION OF CHI SQUARE 


APPENDIX A 


Calculation of Chi Square 


2 
The X” statistic is used to compare the differences in diarrhea rates between 
the experimental and control villages and is computed a as: 


§ (actual cases - expected cases)* 


expected cases 


PR eh Ee eri 


The summation is done over the 7 age groups as follows (From Table 7): 


a Observed Cases in Expected Cases Based (Actual-Expected) 
Age Group Experimental Village = on Control Village Expected 
| Rates 1/ 
> 0-1 168 174 0.20 : 
p- I-2 | 290 311 1.42 = 
B- 2+ 461 : 704 | 83.88 a 
189 CE oats 50.40 


103 155 17.45 
68 103 TEA 
133 129 AZ 


) For or examples the 0-1 age group is colds: as. 
~ (control ae pa X total eee viNage 
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, ime 7 indicates that 
by chance alone only 0.5 percent of the time or one time 1n 200) in b 
the hypothesis must be rejected in favor of the alternative hypothes1s that diarrhea 

erent between the experimental and control villages. 3 


rates are significantly diff 
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SUPPLEMENTARY TABLES 


Table 11] 


Diarrhea Incidence in Females By Age Group Experimental 
and Control Community 


ot -~ 


0-1 76 688 99 81 163 


Experimental Control 
Age Cases of No Cases of No E 
Group Diarrhea Diarrhea Rate Diarrhea Diarrhea Rate 
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Table 12 


Diarrhea Incidence in Males By Age Group Experimental 
and Control Community 


Experimental Control 
Cases of No Cases of No 
Diarrhea Diarrhea Rate Diarrhea Diarrhea 
92 561 ads Ses 553 160 
128 497 205 143 © 512 
230 3,060 70 317 2,303 
73 4,034 18 113 3,117 
ay. ~~ “#909 9 ——— 
2,353 oS ae (2,887 4 
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qarees 0° roadnm ~ 
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Table 13 


Diarrhea Incidence By Period for Females Experimental 
and Control Communities 


Experimental Control 
Cases of No Cases of No 
Diarrhea Diarrhea Rate Diarrhea Diarrhea Rate 
213 2,241 87 244 1,755 122 
80 1,807 42 98 1,393 53 
114 2,979 38 110 2,297 46 
65 2,526 25 | 85 25129 9B i = 
96 3,088 30 me. 2 ,639 9 nl ee 


2,634 : 218 oe 
ae 
2,117 : 


Square value for this table 
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Table 14 


Diarrhea Incidence By Period for Males Experimental 
and Control Communities 


Experimental Control 
Cases of No Cases of No 
Season — Diarrhea Diarrhea Rate Diarrhea Diarrhea 
1 Rainy 203 2,394 78 205 2,153 
oe Dye 66 1,728 37... Rie 1673 
ag Rainy e PS 98 3,003 30 104 2077. ae 6 
4 — 2,556 21 104; as | 
5 Rai y 91 3,349 AEG a>: 3,097 
ye? s oe 24 93 559 


a As 
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Table 15 


Diarrhea Incidence By Period in Families With Five Or More Persons 
Experimental and Control Communities 


Cases of No Cases of No 
Season Diarrhea Diarrhea Rate Diarrhea Diarrhea Rate 
349 | 3,485 91 347 24775 111 
123 2,681 44 142 2,193 | 61 : 
164 4533 35 148 3.64): ese Bay E 


3,882 ea 24 3,311 
4,887 | ! WOIER « 4,115 
: 3 345 3,400. ae 

. 3780 _ al 5 = 
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Table 16 


Diarrhea Incidence By Period in Families With Less Than Five Persons 
Experimental and Control Communities 


xperimental 
ases.: ases = 
Season : of ; No : Rate of ; No :.. Rate: as 
: Diarrhea Diarrhea : Diarrhea _; Diarrhea : — 
ee rn 82 1153. : 66 7 
li i | a Ss): 8) (tl 
Sian 2 42 =. : 1149: «8 6. : 43 ) 
3 | a 
4 Dry : 54 >: eagz00 86: 3 43 65 : 1293 : < 48 
eesti :. 46 : 1550 : 29 70. : 1) : <n 
ae or: 7 | . 
Memeeeey 40: 127 sO 56. : 7 +. 
oa - a ae , : : ar. 
Dee wer Rainy. 95 =: «1076 ie 
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APPENDIX C 


STUDY METHODOLOGY 


Data Analyses For Morbidity-Sanitation-Water Associations - 
The combined census, morbidity, and sanitation data have been examined 
quite extensively by general linear and categorical models in an attempt 
to reveal any significant relationships between any of four types of morbidity 
and any of the study's measures of household sanitary quality or Changes 
in sanitary quality. All of the analyses were adjusted for known Bash 
ae such as month-to-month variability or seasonal differences. The 
analyses also included adjustments for, or took account of, factors such 
as age, sex, size of family and village, which are believed to influence 
ES rbidity. The results were adjusted for these factors so that the effects 


ay 


F sanitation « could be estimated and tested "clearly", free of the Possible 


ts of other characteristics, wiih might also affect wilt al 


sof morbidity » were > examined exhaustively: skin intact a die 
ian ue ag Pe cecthat ae Spa 


Quality Survey ... 
Unfortunately, perhaps, the results of these analyses may be succinctly 


summarized. The variables which were "controlled for" in the analyses, 


~ wp oe Se Ze 


such as age, community, month (or quarter or season), and size of family 


were typically shown to have discernable effects on morbidity. The sizes 


0 Me Sa 


of the estimates of the effects were different for the different types 

of morbidity and also varied from analysis to analysis, depending upon the 

“adjustment variables" being used. 

In contrast, there wee’ ne sanitary status variables which showed 

persistent effects on morbidity. That is, if a statistically significant 

effect was found in one group, the effect would not be significant for another 
= related group, as for example, a | group with identical characteristics 
p srcent for a difference in age or sex. Moreover, when statistically Significant 
"effects were plotted on graphs , the "effects" proved to be very indefinite. : ae ee 


oo iS ms tg 
Bn me can - conclude fron snese analyses: unat siaiiees in sanitary quality 


ye Se chy! Pe 7 a. ae 
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water consumption [actually, 109), water consumption], it is apparent that 


even if an effect exists, it was quite small over the time period of this 
study and is masked by random variability in morbidity experience. 

A comprehensive description of one statistical analysis, which indicates 
the complexity of the models and the number of variables involved, is presented 


here. This type of analysis was done for all variables of interest. 


1. General Linear Model Analysis of Family Monthly Morbidity Data for 
Associations with Monthly Sanitation Survey Variables 


| [ie pa ee 


ey a he 
sa 


~ 
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The influence of water consumption and sanitary behavior upon morbidity = 


was examined using the monthly family Derbiaiey data. For each familys, 
norbidi ty rates were computed each month for four categories of morbidity 


_ (respiratory diseases, skin infections , diarrhea, and infectious diseases 


aL: ere treated as independent. 
aA tions $s So: 


40.4 |, month-to-month correlations over epee 
jit Cae eae 
“is justified. For diarrhea, correlation < 


Wh ages. 


og the ‘magni tude was so small | 
GPs) Ogre 


C=3 


c. Month. Thirty-five calendar months for which morbidity data were 
available 

d. Sanitary Condition Variables. An indication of whether or not a 
sanitary survey (Form 32) was made on this family during the month 


and, if so, sanitary condition as assessed by each of eleven questions 


from Form 32. 
e. Longitudinal Sample Membership. An indication of whether or not 
this family was a member of the longitudinal sample.* 
f. Water Consumption (in Guanagaza only). An indication of whether 
by not the family had piped water, and if so, monthly water consumption. 


For each of these factors, a number of indicator variables were created. 


oy ——T* 2. so 


The precise form of these variables will be described in a subsequent section. 


matty rates — as ai function of a 3 iP ee 
In order to | ea at? ee 


c-4 
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Y; is the observed morbidity rate for the j-th family in a specific month 


(in FA, N=7715 observations; in GU, N=7619 observations). Xi j is the value 
of the i-th observation (family for a particular month) on the j-th "inde- 


pendent variable". These independent variables were computed from the factors 


listed above and described in the next section. In Florida-Aceituno 63 such — 


variables were used while in Guanagazapa 65 were used. 
e. = DS Xs 58 j is the observed morbidity rate (Y.) minus the “model ‘3 


predicted" morbidity rate, z 5X, 58 5- We assume e. is random and arises “a 


a distribution with a zero population mean and a population variance ge i he 


- 


depends upon community, family size, and type of morbidity rate. 


‘It is not possible to know the exact values of the 7 the. model's 


Y hagas parameters. The method of weighted least “squares: is used he 
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TABLE IV.15 


Formation of Family Size Indicator Variables 


Indicator Variable 


] 2 3 4 
] 
Family e 
x Size 3 
; 4 ; 
>5 
; 
a Corresponding to each such variable is a Bj one of the primary para- — Fe 
ag The model parameters, rather ae the study variables, are used — 3 a 


weeause they are more meaningful. 


a amt size (variables: WFAMI - WFAA) 


cor 


calendar month, (Wariables: 


for the 


2 


These conditions are called the “reference levels 
For practival purposes, 


of the two villages. 
tariabtes to reflect the values of the six variables given above. | Thus 


month for families sa 


Piped water supply: 


C-6 
tisfying the following conditions: 


Family size: 5 or more 


a fea Pee ftt® 


Month: the specified month 


Environmental conditions: not surveyed 


are 


Participation in environmental survey: Not surveyed 


Family not in longitudinal 


Membership in longitudinal sample: 


sample ae. ; 
Family does not have access to piped water 


supply 
"of these factors. 


a separate model was fit to data from each 


Each monthly mean was "adjusted" tor: the other 


gazar 


ae is ae | 
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ie 


morbidity rate 25.8 + 4.4 units below the rate for Guanagazapa families of 
5 or more persons. Similarly, the family size =2 coefficient indicates 


Guanagazapa families of two persons had an average diarrheal morbidity rate 


10.3 + 4.1 units below the rate for Guanagazapa families of 5 or more persons. 


Families of 3 persons and those of 4 persons had essentially the same rates 
as the 5+ person families, the estimated difference being 0.4 + 3.9 units 
lower for size 3 families and 1.4 + 3.6 units higher for 4 person families. 


Table IV.16 presents the increments for mean diarrheal morbidity rates for 


families of sizes 1, 2, 3, and 4 compared to families of 5 or more persons 


haba over months and for "reference levels" of the other factors. 


“the ales Satie to fongteneyne! sample membership 
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each pair corres- 


In addition, the model has 11 pairs of parameters, 


ponding to one sanitation variable from Form 32. The reference level for 


each Form 32 variable is “not surveyed". for each variable, the first 


of the two parameters represents the increment in morbidity associated 


with a negative response for the particular Form 32 variable. "Negative 


response" means that response which, for any particular item, corresponds 


to a less sanitary condition regardless of whether this was coded as a 


yes or a no answer to a particular sanitary condition. Diarrheal morbidity 
for families in Florida Aceituno with a negative response to the variable 
K FLIES (i.e., families who had flies in the kitchen) was on the average, 
6.1 + 16.5 units lower than that for families who were not surveyed (Table 


IV.17). The second carat” represents the increment in morbidity 7 


rate to amount of water consumed. The estimate of this slope is -6.3 
+ 3.8 units for this effect. Hence, the trend of the relationship is for 


diarrheal morbidity to decrease as water consumption increases (with 


| all other factors held constant). 
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